Theoretical analysis of a morphine withdrawal phenotype in a cultured cell line.
We have previously described a delta-opioid receptor-expressing cultured cell line that proliferates in a defined medium and responds to chronic morphine treatment with an inhibition of its rate of proliferation. To help provide an explanation for this behavior, we have used computer simulation of cell cycle kinetics to analyze the observed rates of proliferation of these cells in the presence and absence of morphine, and after withdrawal of morphine treatment. We questioned whether the difference in cell kinetics observed for the cell populations under the different treatments could be due to changes in the length of the cell cycle, withdrawal of cells from the cycle into a quiescent state, or differences in cell renewal. This was investigated by comparing observed cell numbers as a function of time with the results of different computer simulations using different values for these parameters. We found that we can provide a satisfactory explanation of the experimental observations on the basis of changes in a small set of parameters: Untreated cells experience a slowdown of cell proliferation at about the culture density where multiple cell-cell contacts are made and, beginning then, a large fraction are shunted from G1 into a quiescent state. Chronic morphine treatment inhibits proliferation by slowing passage through G1, but the cells remain as sensitive to cell-cell contacts as the untreated cells. After drug withdrawal following a 6 day treatment with morphine, the cells exhibit a large temporary increase in their rate of proliferation compared with control or chronically treated cells but about 48 hours after withdrawal, when cell-cell contacts just begin to be made, the cells return to almost their pre-treatment total cell cycle time and, as before, a large fraction are shunted into a quiescent state. Taken in conjunction with previously published results, the present ones indicate a possible interaction between morphine-induced and insulin-induced nuclear signaling pathways to the nucleus.